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bstract
Garlic is traditionally believed to have many health benefits including prevention of gastrointestinal diseases. One of the major components,
arlic fructan (GF), was evaluated for its prebiotic effectiveness on human intestinal microflora. Garlic fructans A (DP 16) and B (DP 21) were
repared by ethanol fractionation precipitation. Then, they were added to an in  vitro  fermentation system as the sole carbon source inoculated
ith human fecal suspension. The total anaerobic bacteria, Bacteroides  and Biﬁdobacteria, were enumerated by plate counting on selective media.
erminal restriction fragment length polymerization (tRFLP) was used to analyze DNA extracted from the in  vitro  cultures. The results indicated
hat the log CFUs of both Bacteroides  (GF A 6.96, GF B 7.15) and Biﬁdobacteria  (GF A 7.74, GF B 7.74) grown in the GF cultures at 24 h
ere significantly higher than those at 0 h (Bacteroides  4.93, Biﬁdobacteria  4.78) (P  < 0.05). Terminal restriction fragments (TRFs) 256–258 bpascribed to Biﬁdobacterium) in the profiles were also observed higher in the TRFLP profiles from the garlic fructans’ cultures. In this study,
Fs were found to selectively stimulate the growth of beneficial Biﬁdobacteria  from human fecal microflora. The prebiotic effectiveness of GFs
upports the use of garlic as a way to prevent some gastrointestinal diseases.
 2013 Beijing Academy of Food Sciences. Production and hosting by Elsevier B.V. All rights reserved.
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.  Introduction
Garlic (Allium  sativum  L.) is traditionally believed to have
any health benefits and has been used to prevent many dis-
ases such as the common flu and gastrointestinal disorders.
necdotal evidence in China suggests that the successful treat-
ent of gastrointestinal diseases by the consumption of fried
arlic and eggs may be related to its function of improving the
uman gastrointestinal environment. Interests in the analysis of
arlic components such as essential oil, selenium, amino acids
nd their contributions to the claimed benefits have grown in
ecent years [1–3]. Garlic essential oil is known to have antimi-
robial activities which may help to inhibit the growth of some∗ Corresponding author at: Jinan University, 601 West of Huangpu Avenue,
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athogens in the gastrointestinal tract [4]. It has been reported
hat some garlic fermenting Lactobacillus  strains were isolated
rom fermented fish foods [5]. Actually, garlic was found to con-
ain fructans 12.5% to 23.5% on a wet weight basis, and more
han 75% on a dry weight basis [6,7]. As a major component of
arlic, fructan may contribute to the protection against gastroin-
estinal diseases by improving the microbial gastrointestinal
nvironment. Therefore, it was interesting to investigate the pre-
iotic effectiveness of garlic fructan (GF) on human intestinal
icroflora.
Garlic fructan is an insulin-type fructan that belongs to the
eokestose family, and has a (2→1)-linked β-d-Fru f backbone
ith a (2→6)-linked β-d-Fru f side chains. A structural model
or high molecular weight garlic fructan estimated a degree of
olymerization (DP) of about 58 based on its molecular weight
nd fructose: glucose ratio (about 15:1) [6,7]. Because of the
 (2→1) linkage of fructose monomers, fructans cannot be
igested by intestinal enzymes, and thus, they are classified as
non-digestible” carbohydrates [8,9]. In the colon, some fruc-
ans (inulin-type) are rapidly fermented to produce short chain
atty acids (SCFA) that explain some of the systemic effects of
ructans. Biﬁdobacteria  (and possibly a few other genera) are
referentially stimulated to grow in the presence of fructans in
he colon, resulting in significant changes in the composition
f the gut microflora by increasing the number of potentially
ealth-promoting bacteria and reducing the number of poten-
ially harmful species [9–12].
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Table 1
The average molecular weight and degree of polymerization (DP) of fructan
fermented by fecal bacteria in vitro.
Average
molecular weight
Average degree of
polymerization
Garlic fructan A 2567 16
Garlic fructan B 3345 21
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In this study, neutral GFs were prepared by ethanol fraction-
tion precipitation. They were added as the sole carbon source
nto an in  vitro  batch fermentation system inoculated with human
ecal bacteria prepared from the feces of 3 human volunteers.
hanges of total anaerobic bacteria, biﬁdobacteria  population,
ecal microflora and pH were investigated.
.  Materials  and  methods
.1.  Garlic  fructan  preparation
Garlic cloves (Jinxiang, Shang dong, China) were rinsed,
eeled and steam heated for 5 min to inactivate fructanase
nd alliinase. The steamed garlic was then pulped. Juice was
btained by first pressing the pulpy through a 4-layer filter cloth
nd centrifuging at 4000 r/min for 0.5 h. Protein was removed
y treatment with No. 732 cation exchange resin. Elute was con-
entrated by vacuum evaporation below 60 ◦C until its soluble
olid substance (SS) reached 15%. The concentrate was further
urified by DEAE cellulose and Sephadex G100 chromatogra-
hy. The pure fructan solution was further condensed to 30%
S which was used for the alcoholic fraction. Different molec-
lar weight fractions were obtained by adding 50–80% alcohol
nd collecting the precipitates between alcohol concentrations of
0–70% and 70–80% separately. The precipitates were later dis-
olved, degassed and lyophilized. The average DP and molecular
eights were determined via  the 3,5-dinitrosalicylic acid (DNS)
ethod and an ion chromatography method (ICS-2500, Dionex).
he molecular weight and DP of the neutral garlic fructans pre-
ared is shown in Table 1. Two fractions of garlic fructans were
btained, which were garlic fructan A (GF A, average DP 16)
nd garlic fructan B (GF B, average DP 21).
.2.  Donors  and  collection  method
Fresh human feces were collected from 3 healthy adult (2
ales and 1 female) individuals consuming a non-specific Chi-
ese diet. Individuals had no antibiotic use for 6 months prior
o fecal collection. Fecal samples were diluted to 50 mg/mL
ith phosphate buffered saline (PBS), pH 7.3. The solution was
omogenized by a vortex.
.3.  In  vitro  fermentation  designThe carbon source, 10 g/L, garlic fructan, inulin fructan
93%, Orafti Belgium) (Table 1), and glucose, were fermented
ogether with the culture medium in separate sterile 100 mL
t
r
qman Wellness 2 (2013) 119–123
erum bottles at 37 ◦C for 24 h. The culture medium con-
isting of peptone 2 g/L, yeast extract 2 g/L, NaCl 0.1 g/L,
2HPO4 0.04 g/L, KH2PO4 0.04 g/L, MgSO4·7H2O 0.01 g/L,
aCl2·2H2O 0.01 g/L, NaHCO3 2 g/L, Tween-80 2 mL/L,
emin 5 mg/L, VK1 40 L/L, l-cysteine–HCl 0.5 g/L, and bile
alts 0.5 g/L, pH 6.7, was inoculated with 5% of a slurry of feces
rom one of three healthy human volunteers [13] (all chemical
eagents were from Guangzhou Chemical Company and Haibo
ompany, China). Samples were taken after 4, 8, 12 and 24 h for
nalysis and processed as described below. Inulin fructan was
hosen as the positive control because of its established prebi-
tic effects and similar structure to garlic fructan. Glucose was
lso chosen as a control because the monomers are completely
vailable to the bacteria, that is, no glycosidic bonds must be
roken for metabolism of the carbohydrate. Cultures without
arbon source were used as negative controls.
.4.  Analysis  of  total  anaerobic  bacteria,  Bacteroides  and
iﬁdobacteria, by  plate  counting
After in  vitro  fermentation, the culture broth was plated on
lood agar, BBL and BBE (Qingdao Haibo) to count the colonies
f total anaerobic bacteria, Bacteroides  and Biﬁdobacteria  at
7 ◦C in an anaerobic box (Mitsubishi). Plate counting was
epeated at least three times for each sample.
.5.  T-RFLP  analysis
Samples collected from in  vitro  fermentation (750 L) were
ixed with the same volume of 30% glycerol and then stored
t −20 ◦C. The thawed samples were centrifuged for 5 min at
3,400 ×  g  to produce a pellet. The pellet was then subjected
o DNA extraction using a phenol–chloroform–isopentanol
ethod. The extracted DNA was then amplified by PCR. 10 ng
f template DNA was combined with 20 mmol/L Tris–HCl (pH
.4), 50 mmol/L KCl, 3 mmol/L MgCl2, 300 mol/L dNTPs,
.1 mol/L each of 6FAM-7f (aga gtt tga tym tgg ctc ag) (6-
arboxyfluorescein) (Invitrogen), 1510r (acg gyt acc ttg tta cga
tt) and 1.5 U Taq (Invitrogen) in a 50 L reaction mix. Ampli-
cation was carried out at 94 ◦C for 5 min, with 30 cycles of
4 ◦C for 90 s, 52 ◦C for 30 s and 68 ◦C for 90 s. Final extension
onsisted of 62 ◦C for 20 s followed by 68 ◦C for 7 min. PCR
mplicons were purified with the Newprobe PCR purification kit
Newprobe). 2 U of the restriction enzyme HhaIII (Takara) was
sed to digest 500 ng of purified product at 37 ◦C for 2 h. Fluo-
escently labeled terminal fragments were recovered by ethanol
recipitation and resolved by capillary DNA sequencing (ABI
rism 3730). Data was analyzed using STRAND software and
eak identities determined using the TAP-TRFLP program from
he Ribosomal Database Project.
The relative peak area of each terminal restriction fragment
TRF) (referred to as relative abundance) was calculated by
ividing the area of the specific peak by the total area of all
he peaks on the electropherogram. Samples inoculated with
he feces from the three volunteers were analyzed. The mean
elative peak abundance of each TRF was calculated for subse-
uent analyses [14,15].
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Fig. 2. Growth curves of total anaerobic bacteria during 24 h in vitro fermenta-
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fig. 1. pH changes during 24 h in vitro fermentations (n = 3) (IF for inulin fruc-
ans, DP 36; GF A for garlic fructans A, DP 16; GF B for garlic fructans B, DP
1).
.6.  Statistical  analysis
Statistical analyses were completed using the SPSS 13.0 sta-
istical software package. ANOVA with three replications was
sed to assess the difference between the data. A P  value of
ess than 0.05 indicated a significant difference between the test
arbohydrates and the control.
.  Results  and  discussion
.1.  Changes  in  pH
Garlic fructan cannot be digested in the human stomach and
ntestine because of the lack of enzymes able to degrade the β
2→1) and β  (2→6) linkages. In order to investigate the prebi-
tic effectiveness of garlic fructans, it was fermented as the sole
arbon source in  vitro. Fig. 1 shows the pH changes at different
ncubation periods during the 24 h in  vitro  batch fermentation.
he pH values of the garlic fructans cultures decreased signifi-
antly with time (P  < 0.05), and at 24 h, the pHs were 4.67 (GF
) and 4.97 (GF B). This was likely a result of the production
f organic acids, such as short chain fatty acids. Furthermore,
uring the 0–12 h incubation period, the rates of pH decrease
ere higher than that during the 12–24 h incubation period
P < 0.05). This may related to the higher growth rates of bac-
eria in the first 12 h period. The decrease in the pH was the
astest for the glucose culture, and reached 4.01 after a 24 h
ncubation (P  < 0.05). The pH of the culture with no carbon
ource at 24 h was significantly higher than the other cultures
P < 0.05).
.2.  Analysis  of  total  anaerobic  bacteriaFig. 2 shows the growth curves of the total anaerobic bac-
eria during in  vitro  fermentation and indicates that GFs can
e utilized by some members of fecal bacteria as their sole
t
t
f
Tions (n = 3) (IF for inulin fructans, DP 36; GF A for garlic fructans A, DP 16;
F B for garlic fructans B, DP 21).
arbon source (P  < 0.05). It is indicated that garlic fructans may
e fermented by microflora in the human colon. No significant
ifferences in total anaerobic bacteria were found among the
onditions using garlic fructans and inulin fructans (P  < 0.05).
he log CFUs of total anaerobic bacteria grown in glucose cul-
ure were significantly lower than that from cultures containing
arlic fructans and inulin fructans at 24 h (P  < 0.05), which may
e attributed to the low pH (Fig. 1) and faster consumption of glu-
ose. Limited growth of bacteria and decreasing pH (Fig. 1) were
lso observed in the no carbon source controls. It is likely that the
acteria grown in the negative control cultures because of fer-
entable residual carbohydrates, such as residual non-digestible
ugars, dietary fibers and mucins present in the fecal medium
16].
The log CFU of both Bacteroides  (GF A 6.96, GF B 7.15) and
iﬁdobacteria  (GF A 7.74, GF B 7.74) grown in GF cultures at
4 h were significantly higher than those at 0 h (Bacteroides  4.93,
iﬁdobacteria  4.78) (P  < 0.05). This indicates that the garlic
ructans can stimulate the growth of these two bacteria. The log
FUs of Bacteroides  and Biﬁdobacteria  grown in garlic fructans
ultures were significantly higher than those grown in glucose
ultures. Biﬁdobacteria  are known to be major fructan degraders
nd it is possible that other bacteria may be cross-feeding with
hem.
.3.  T-RFLP  analysis  of  DNAs  recovered  from  batch
ulture fermentations
Fig. 3 depicts the microbial community profiles of feces
nd the in  vitro  fermentation cultures after digestion with
aeIII. Table 3 shows the observed dominant terminal restriction
ragments (TRFs) and their matching microorganisms according
o the RDP database. TRFs 256–258 bp (ascribed to Biﬁdobac-
erium) were observed in the profiles of garlic fructans A, garlic
ructans B, inulin fructans and glucose cultures. The relative
RF peak area of garlic fructans is higher than that of glucose and
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F tro fermentation cultures (RTF peak 1. Biﬁdobacteria, 2. Bacteroides, 3. Clostridia).
C cteria (IF for inulin fructans, DP 36; GF A for garlic fructans A, DP 16; GF B for
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Table 3
Observed TRFs and matching organism.
Genera represented by TRF peak Length of TRF (bp)
Biﬁdobacterium 256–258
Bacteroides 260–263
C
P
o
w
a
tig. 3. Typical TRFLP analysis of HaeIII-digested 16S rDNA genes from in vi
ompared with glucose, cultures with GF and IF stimulate growth of Biﬁdoba
arlic fructans B, DP 21).
eces. The TRF peaks (261–263 bp) ascribed to Bacteroides  are
ominant in all of the sample profiles. The TRF peaks ascribed to
lostridium (317, 318 bp) were found in the profiles of the cul-
ures with glucose and feces. Compared with the glucose culture,
he growth of Clostridium  (317, 318 bp) was obviously inhibited
n the cultures with inulin fructans and garlic fructans. The lack
f fructanase and production of organic acids may lead to the
nhibition of Clostridia. TRFs peaks (205, 213 bp) ascribed to
roteobacteria  were in the minority in the feces profiles, and
ecame dominant in the in  vitro  culture profiles. This may
ecause the in  vitro  environment is favorable to Proteobacteria.
Results indicated that GFs did promote a favorable micro-
iota in  vitro. This included stimulation of the growth of
eneficial Biﬁdobacteria, as well as decreasing less desirable
pecies such as Clostridia, which can harbor undesirable
athogens. The results are in accordance with the prebiotic effect
able 2
ean bacterial populations in batch culture fermentations (SD) after 24 h in vitro
ermentation.
roup Glucose IF GF A GF B
0 h 24 h 24 h 24 h 24 h
acteroides 4.93a 5.37a 6.86 6.96 7.15
(0.32) (0.97) (0.58) (0.09) (0.31)
iﬁdobacteria 4.78a 5.08a 7.24 7.74 7.74
(0.68) (1.735) (0.21) (0.24) (0.29)
alues with different letters within one bacteria group are statistically different
rom each other (P < 0.05, n = 3).
w
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r
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llostridium 317–318
roteobacterium 205, 213, 271, 272
f fructans in many studies [10,17]. It is observed that compared
ith TRF profiles of inulin fructans (DP 36), relative TRF peak
reas of 256–258 bp (ascribed to Biﬁdobacterium) are higher in
hose of garlic fructans (DP 16 and 21). This is in accordance
ith viable counting (Table 2). According to Biedrzycka and
ielecka, a linear or branched structure may be an important
actor that governs the susceptibility of saccharides to bacte-
ial degradation [17]. Effect of fructans’ DP on their prebiotic
unction was reported in several studies, shorter fructans were
eported to show higher digestion speed [7]. However, the differ-
nces of results in this study were not significant among garlic
ructans A, garlic fructans B and inulin (P  > 0.05).
.  Conclusion
In summary, some members of the fecal bacteria utilized
arlic fructans to grow resulting in a decrease in the pH of the cul-
ures in  vitro. Biﬁdobacteria  were stimulated while Clostridia
ere inhibited by the garlic fructans. Essential oil from gar-
ic has been proven to be an effective antimicrobial substance
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hich may help to improve the gastrointestinal environment
y inhibiting pathogens. In this study, it is found that garlic
ructans may also improve the microbial environment of the
astrointestinal tract by stimulating beneficial bacteria to grow
electively. The present study is hampered by a few limitations.
ompared with some in  vivo  animal experiments, the diversity
f fecal microbiota in this system obviously decreased due to
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